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processes in a controlled sub-aLmospheric ambient with reduced 
oxyqen levels. 



Remarks 

Thorough examination by the Examiner is noted and 
appreci ated* 

The Specification has been amended to correcL grammatical 
errors . 

The claims have been amended to overcome Examiners 
objections/and rejections under 35 OSC Section 112. 

The claims have further been amended and new claims added to 
clarify Applicants disclosed and claimed invention. The 
amendments find support in the original claims and/or the 
Specification . 

No new matter has been added. 
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For example support for limitations in claims 1 and 12 are 
found in Iho Specification at 

Paragraph 0014: 

"Although the method of the present invention .in explained with 
reference to and is particularly advantageously implemented in forniino, of 
copper dual damascenes it wi.l.J be appreciated that I.. he method of the present 
invention is equally app I i db'hi? to t he formation of single copper damascenes 
and relatively thick and wide copper damascene structures including, for 
example, bonding pads or wide trench lines," 

Paragraph 0022 : 

"Tt has been found that, the bak.mcj process to remove moisture from low-K 
porous IMD layer:;? and the DtlGAtf process can advantageously be; accomplished at 
the simultaneously in the prosconco of a hydrogen containing atmosphere. For 
example, porous low-K inorganic IMD layers typically strongly absorb moisture 

■ ■ » 

prior to and during the etching process, heretofore making a furnace baking 
process necessary LO adequately remove moisture to provide for effective 
deposit loci and adhesion of a subsequently deposited barrier layer. According 

to an aspect of the present invention, it ha* been found that in the 

presence o± an \V/ containing ambient at sub-atmospheric pressures and 
temperatures of about 100 °C, moisture as well as adsorbed gases present from 

15. 
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a previous etching process, fox example oxygen, nitrogen r and fluorine, are 
effectively removed at the preferred sub-atmospheric DEGAS pressures and 
baking temperature a at relatively short times thereby avoiding the nccefinity 
o± a separate furnace ha Id no; process, for example at atmofsphor 1 e proAnureA, 
which mny take* several hours according I. o prior art processes." 

support for limitations in claims 3, 4, 14 and 15 are found 
in the* Specification at paragraph 0071: 

"For c?.xaifip"l a the DRGA^/b/jMo^ prooftflfi if? prof era bJ y carried out 
a jmu'l trineou.**! y a I aub-<< Lniowpher j c:: pressures in a hydrogen containing ambient, 
preferably a mixture of H 2 gas and an inert gas such as He, N 2f and Ar. 
According to on aspect ot the invention, preterably, the process wafer is 
Ssimultorioous.ly heatftd to 0 temperature between about 100 * C and about V>00 " C, 
more preferably be L ween about 250 "C and about 4b0 'C in the DF.GAS chamber tor 
a period of about 20 seconds to about 120 seconds in the presence or" a mixture 
of fl*/ inert gas while maintaining a pressure of between about 1 mTorr and 
about 10 Torr, more preferably between about 10 mTorr and about 1 Torr, most 
preferably between about 10 mTorr and about 100 mTorr. 

Support J:or new claims 21 and 22 are found in the 

■ 

Speci.fi cation at paragraph 0020: 

"Jn tin aspect of the present invention, following formation the dual 
cjam?jycejne onenj.no. e.g., trench opening 20 and via openings 1GA and 1GB, the 
semiconductor process water Is transferred to a single wafer D&GAS chamber, 

r * * * 

, • M _ 

* I, ■**» • ■ ■ »*• 

t I , • » . • 

■ ■ ■ a 

* ft ( 
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preferably in-silu, where at least a pressure, ambient gasoons atmosphere and 
Wdfer temperature may Jfoo con tiro. I I ed . For example a cluster tool having a 
controlled sub- atmospheric ambient with reduced oxygon levels , as is known in 
the art may be used to transfer the wafer from an etching chamber to the DEGAS 
chamber in-situ to prevent exposure to moisture and oxygen. For example, the 
DEGAS chamber preferably inn hides means for healing the water, lor example a 
eonvenl i nnol w>.*.Cer. uhuck including resistively heated elements and/or nigh 

* 

\ nte/is.lly lamps directed at the water aurinco tor boating the prorata wafer 
Surface. In addition, the DFCAfS chamber may be a conventional physical vapor 
deposition (PVD) chamber, for example an RF 8puLl£r.in<jr mcigneLron spul leriiiq* 
ionized metal plasma (IMP), -se.l C-ioni '/.ed plasma (iU'L*) apuLLerinq chamber for 
carrying out a subsequent sputter-clean and/or ^VD process for depositing a 
barrier layer to line the dual damascene opening, or be a separate dedicated 
process chamber in a cluster tool including multiple chambers -for l-h* 
respective DF.CA^ , rspuf.t.ft r-rl oan and subsequent PVD and/or CVD processes." 



Claim Rejections under 35 USC 102(e) 



1. Claims !l, 3-12, and 14-20 stand rejected under 35 USC 
Section 102(e) as being anticipated by Pan et al. . (US Pub, 
2004/O02348S) - 



Pan et al . disclose a method for hydrogen/inert gas 
(preferably Me) plasma treatment of anisotropically etched 
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openings to improve a crack resistance (see Abstract), prior to 
depositing the barrier layer. Pan et al. also disclose an 
optional pre-heating treatment prior to the hydrogen plasma 
treatment (see paragraph 0021, 0032). 

Thus Pan el al. do not disclose several aspects of 
Applicants disclosed and claimed invention including: 

* 

Pan et al. do not disclose or suggest " Lhon carrying out a 
sub-atmospheric DEGAS process in-situ wiLh simultaneous heating 
ol Lhc process wafer in a hydrogen containing ambient;" following 
etching through a lower etch slop layer to expose a copper area 
as Applicants have disclosed and claimed. 

Thus Pan et al. is insufficient to anticipate Applicants 
disclosed and claimed invention. 

* 

Claim Rejections under 35 USC 103(a) 
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1. Claims 1-2, 6-13, and 17-20 stand rejected under 3b USC 
Section 103(a) as being unpatentable over Kim (US 6,767,788) in 
view of Rozbiok.i. et al. (OS 6,55/1,914), 

Kim disclose a process lor making a damascene capacitor 
structure followed by forming a dual damascene at the same level 
(see abstract; Figures IE, IF; col 6, lines 33-65). In 
particular Kim discloses a degas process under high vacuum 
followed by a sputter clean process using a plasma including 
hydrogen following deposition of a copper seed layer on a barrier 
layer (col 6, lines 36-46). 

Thus, the method of Kim works by a different principal of 
operation than the method of Applicants, and could not accomplish 
the purpose of Applicants disclosed and claimed invention: 

"A method for forming a copper damascene feature with 
improved electrical properties including reducing moisture 
and etching residues from a damascene opening" 

On the other hand, Rozbiki et al . discloses a process for 
depositing a copper seed layer by PVD while passivating the 

« * t 

■ i. ♦ ■ ,•■■*# * t 

■ ' ' ■ • . : • • '. • • ' . ■ 

PAGE 19/26 ' RCVD AT 8/15/2005 3:31:50 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6/27 1 DNIS:2738300 * CSID:12485404035 » DURATION (mm-ss):05-02 



08-15-' 05 14:46 FROM-TUMG & ASSOCIATES 12485404035 T-476 P20/26 U- 

U. S.S.N. 10, 655, 972 



copper seed layer during or immediately afllor the deposition to 
prevent excessive oxidation (see Abstract). Rozblki est al. also 
disclose a cleaning process carried out on copper exposed 
underlying the damascene opening to remove copper oxides by a 
physical sputter etch and/or a hydrogen based plasma treatment 
(col b, lines 40-49) . Thus, Rozbiki et al, seem to imply 
exposure of the underlying exposed copper to an oxidizing 
atmosphere prior to cleaning- Rozbiki et ai. also disclose that 
"the precleaning process typically involves degassing". 

Rozbiki. et al. fails to disclose several aspects of 
Applicants disclosed and claimed invention including: 

"etching through an etch stop layer at the at least one. 
damascene opening bottom portion to expose an underlying copper 
area; 

then carrying out a sub-atmospheric DEGAS process in-situ 
wilh simultaneous heating ol the process wafer in a hydrogen 
containing ambient; 
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then carrying out an in-situ sputter-clean process; and, 

then forming a barrier layer tn-situ to line the dual 
damascene opening." 

There is no apparent motivation or suggestion ior combining 
Kim ot al. and Rozbj.ki et ai. other than Applicants disclosed and 
claimed invention. For example, there- is no apparent motivation 
for combining the teachings of Kim et al . who teach a degas 
process under high vacuum lollowed by a sputter clean process 
using a plasma including hydrogen, where both steps are performed 
on a copper seed layer following deposition of a copper seed 
layer on a barrier layer and the teachings ol RozMki et ai- who 
teach a pre-cleaning process prior to copper seed layer 
deposition using a hydrogen based plasma and who generally 
disclose a degas process as part of the cleaning process. 

The attempted combination of the teachings of Kim and 
Rozbiki et al . would change the principal of operation of both 
Kim and Ror.blki et al. making both unsuitable for its intended 
purpose . 
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Even Assuming arguendo proper motivation lor combining the 
teachings of Kim and Rozbi.k.i. et al., such combination fails to 
produce Applicants disclosed and claimed invention. 

The combination of Kim and Rozb.i.ki et al. nowhere teaches or 
suggests carrying out a sub atmospheric DEGAS process with 
simultaneous heating in a hydrogen containing ambient. 

Contrary to Examiners assertion, Rozbiki et al. do not Leach 
heating the wafer in hydrogen ambient at (col b, lines 40-49, and 
col 8, lines 59-60) - 

At col. 8, lines 59-60, Rozbikl et al. discloses the 
conducting of experiments to demonstrate the passivation of 
copper seed layers, where an unprocessed silicon dioxide 
semiconductor wafer is degassed at 350 °C prior to depositing a 
barrier layer in a different chamber* 

The combination of Kim and Rozbi-ki et al, nowhere teaches or 
suggests carrying out the above step in-situ following etching of 

t he damascene opening . 

22 

■ p • , ^ • 

PAGE 22126 ' RCVD AT 8/1 5/2005 3:31:50 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/27 « DNIS:2738300 ' CSID:12485404035 • DURATION (mm-ss):05-02 



♦ 08-15-' 05 14:47 FROM-TUMG & ASSOCIATES 12485404035 



T-476 P23/26 U- 



0. S.S.N. 10, 6S>5 # 972 



The comb 1 nat ion of Kim and Rozbiki at al. nowhere teaches or 
suggests forming Lhc barrier layer in-situ following the sputter 
clean process. 



Neither Kim nor Rozbiki oL al., alone or inc combination, 
recognize the problem thai Applicants have reeogn^cd and solved 
by their disclosed and claimed invention: 



"A method for forming a copper damascene feature with 
improved electrical properties including reducing moisture and 
etching residues from a damascene opening' 7 



''Finally, the prior art reference {or references when 
combined) must teach or suggest all. the claim limitations. The 
teaching or suggestion to make the claimed combination arid the 
reasonable expectation of success must both be found in the prior 
art, and not based on applicant's disclosure." In re Vaec/c, 947 
F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 



"II the proposed modification or combination of the prior 
art would change the principle of operation of the prior art 
invention being modified, then the teachings of the references 
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are not sufficient to render the claims prims facie obvious," In 
re RaLLi, 270 F.2d 810, 123, USPQ 349 (CCPA 1959). 

"II proposed modification woaid render the prior art 
invention being modified unsatisfactory for its intended purpose, 
then there is no suggestion or motivation to make the proposed 
modification." In re Gordon, 733 F.2d 900, 221 USPQ 1125 (Fed. 
Cir. 1984) . 

"The fact that references relied upon teach that all aspects 
of the claimed .invention were individually known in the art is 
not sufficient, to establish a prima facie case of obviousness 
without some objective reason to combine the teachings of the 
references." Kx parte L&vengood, 28 USPQ2d 1300 (Bd. Pat. App. 
& Inter, 1993) . 

2. Claims 3-b, and 14-16, stand rejected under 35 UGC Section 

* 

* * 

103(a) as being unpatentable over Kim (788) in view of Rozbicki 

■ 

et al. (OS 6,554,914), as applied above to claim 1, and further 
in viow of Kim (US 2004/0127002). 

Applicants reiterate the comments made above with respect to 
Kim (788) and Rozbicki et al. 

24 
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Kirn (004) discloses an in-oitu process whereby the process 
wafer is cooled following an etching process prior to an in-aitu 
cleaning process using a hydrogen containing plasma at- 25 to T>0°C 
to remove polymer formed on sldewal.ls and metal oxide formed on a 
bottom portion. Kim {004) teach a separate step of annealing the 
substrate following the hydrogen plasma treatment (sec Abstract; 
paragraphs 0010, 0011, 0027), Kim (004) does not disclose 
carrying out the annealing treatment in hydrogen or at a sub- 
atmospheric pressure . 

* 

Rven assuming arguendo a motivation for combining Kim (004) 
with either one of or both of Kim (788) and Ro^bieki et al., such 
combination does not produce Applicants disclosed and claimed 
invention . 

Moreover, Kim (004) teach directly away from Applicants 
disclosed and claimed invention by teaching a hydrogen plasma 
treatment at a reduced temperature prior to an annealing process 

where the atmosphere and pressure are not disclosed. 

"A prima facie case of obviousness may also be rebutted by 

25 
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showing that the art, in any material respccl, teaches away from 
the claimed invention.'' In re Geisler, 116 F.3d 1465 r 1471, 43 
USPQ2d 1362, 136G (Fed. Cir. 1997). 

Based on the foregoing , Applicants respectfully submit that 
the Claims are now in condition for allowance. Such favorable 
action by the Examiner at an early date io respectfully solicited. 

In the event that the present invention as claimed is not in 
a condition for allowance for any other reasons, the Examiner is 
respectfully invited to call the Applicants' representative at his 
Bloomfield Hills, Michigan office at (24fl) 540-4040 such that 
necessary action may be taken to place the application in a 
condi t ion for allowance . 




RandywT Tung 



Tung & Associates 



spect iEu 1 1 y subiui t ted , 



Req. No. 31,311 
Telephone: (248) 540-4040 
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